We provide experimental and theoretical evidence for a pressure-induced Mott insulator-metal transition in Fe 2 O 3 characterized by site-selective delocalization of the electrons. Density functional plus dynamical meanfield theory (DFT þ DMFT) calculations, along with Mössbauer spectroscopy, x-ray diffraction, and electrical transport measurements on Fe 2 O 3 up to 100 GPa, reveal this site-selective Mott transition between 50 and 68 GPa, such that the metallization can be described by ð
I. INTRODUCTION
The insulator-metal transition, induced by pressure, composition, or by other means, represents perhaps the most profound transformation of the chemical bond in materials. A specific subset, the Mott transition, is of particular interest because it is thought to depend on electron correlations that are essential to understanding the properties of transition-metal oxides important to fields ranging from materials chemistry to condensed-matter physics and even planetary science. Electronic and magnetic transitions in strongly correlated transition-metal compounds have thus been among the main topics of condensed-matter research over recent decades, being especially relevant to understanding high-temperature superconductivity, as well as heavy-fermion behavior [1] [2] [3] [4] . A significant electronic phenomenon in such compounds is the breakdown of dor f-electron localization, causing a Mott (Mott-Hubbard) insulator-to-metal transition [1, 2] . Such a transition does not necessarily imply a rearrangement of atoms, but in fact often exhibits an appreciable collapse in volume [5] [6] [7] [8] . The initial concept of Mott is based on the relative importance of kinetic hopping (measured by the bandwidth) and onsite repulsion of electrons. However, in real materials, there exist additional degrees of freedom, which have been shown to result in new scenarios for the Mott transition. For example, orbital degrees of freedom can lead to an orbital-selective Mott transition [9, 10] . In addition, it was proposed that a change of the crystal-field splitting (rather than the bandwidth), or a decrease of the effective interaction strength (given by the Hubbard U parameter) caused by a high spin-low spin (HS-LS) crossover, can drive a Mott transition [7, [11] [12] [13] . As a result, the Mott transition in principle involves a simultaneous insulator-metal transition, magnetic moment collapse (change of the local spin state), and volume collapse.
Nevertheless, the abovementioned scenarios of Mott transitions do not explain the experimentally observed details of electronic and structural transformations, e.g., in many iron-bearing materials. In particular, recent experimental studies of ferric and ferrous spinels [14] [15] [16] [17] and Fe-bearing bridgmanite (MgSiO 3 -peroskite) [18, 19] reveal a complex coexistence of local Fe 3þ high-and low-spin states under pressure. In spite of the appreciable 3d band broadening from various lattice responses that contribute to the unit-cell reduction, upon compression to a pressure of a megabar, all of these compounds continue to have concurrent resilient magnetic (high-spin) and nonmetallic ground-state features of strong electron correlations. Moreover, a similar behavior has been recently discussed in the case of rare-earth nickelates [20, 21] , where theoretical calculations have suggested formation of a site-selective Mott phase. However, the latter remains electrically insulating, while exhibiting formation of site-selective local moments and Ni-d − O-p singlet states.
This complex electronic state characterized by the coexistence of high-spin (HS) and low-spin (LS) states has also been observed in an archetypal 3d Mott insulator (MI) Fe 2 O 3 hematite [22] [23] [24] [25] [26] [27] [28] . However, in contrast to the above-mentioned systems, in Fe 2 O 3 , a partial HS-LS transition coincides with a Mott insulator-to-metal transition [23] , suggesting a breakdown of 3d-electron localization. In this respect, the high-pressure behavior of Fe 2 O 3 is of particular interest as possibly documenting a novel mechanism for electronic transitions.
Fe 2 O 3 crystallizes in a corundum-type structure (space group R3c, Néel temperature T N ¼ 956 K) with one type of FeO 6 octahedron (slightly distorted). Photoemission spectroscopy shows that Fe 2 O 3 is a Mott insulator with a large energy gap of approximately 2.5 eV [29] . Upon compression, Fe 2 O 3 is known to undergo a first-order phase transition above 50 GPa, which is accompanied by a collapse of the lattice volume by about 10% [22, 23, [30] [31] [32] [33] . The phase transition was associated with a "partial" transition to the low-spin Fe 3þ state [22, [24] [25] [26] [27] . However, subsequent Mössbauer studies indicated that, at P > 80 GPa, only a nonmagnetic phase exists, without any sign of magnetic moments down to 4 K [23] . Furthermore, although early electrical transport measurements [34] claimed that-despite the sharp drop in resistance coinciding with the structural transition-Fe 2 O 3 remains semiconducting, a later study [23] showed that, in fact, there is a sharp insulator-metal transition at a substantially lower pressure of 50 GPa. The latter result seemingly contradicts of the high-spin state at pressures far above this transition, since the high-spin state would not be expected to exhibit the electrical conductivity of a metal.
The crystal structure of the high-pressure phase of Fe 2 O 3 observed above 50 GPa has been assigned either to an orthorhombic perovskite [22, 31, 35] or a Rh 2 O 3 -II-type [23, 32] structure in early studies. Only recently, based on single-crystal diffraction studies [28, 36] , has the lattice structure been defined as a double-perovskite (DPv) phase. It has been proposed [32, 37] that this structural transition drives the electronic and magnetic transformation. Furthermore, it was reported [37] that the system reverses, as a function of time, from the LS to the HS state within the HP crystal structure. However, in more recent studies (e.g., Sanson et al. [38] ), the opposite was advocated, namely, that the electronic transition drives the structural transition. In addition, recent density-functional theory þ dynamical mean-field theory (DFT þ DMFT [39] ) calculations predict that the electronic transition occurs within the hematite phase [40] , i.e., prior to the structural transition, at a high compression of V < 0.8V 0 (V 0 is the equilibrium unit-cell volume), which, according to an experimental equation of state (EOS), e.g., Refs. [31, 32] , corresponds to P > 70 GPa. We note that, in Ref. [40] , the structural complexity of Fe 2 O 3 near the phase transition has not been considered; i.e., the interplay between correlated electrons and the lattice structure was not studied. Thus, despite significant efforts on this outwardly simple system, the evolution with pressure of the electronic and crystallographic structure of Fe 2 O 3 and the mechanism of its electronic transition remain unresolved. Current theoretical models [40] do not explain the existing experimental results [22] [23] [24] [25] [26] [27] 37] .
In the present work, we employ the DFT þ DMFT approach to explore the electronic structure, local magnetic state of Fe 3þ ions, and phase stability of paramagnetic Fe 2 O 3 at high pressure, using a fully charge self-consistent DFT þ DMFT method [6, 41] implemented with planewave pseudopotentials [42] [43] [44] . We combine our theoretical results with Mössbauer spectroscopy (MS), electrical transport, and x-ray diffraction (XRD) studies of Fe 2 O 3 to pressures of about 100 GPa, upon compression and decompression. Our study reveals a site-selective Mott insulator-metal transition in Fe 2 O 3 characterized by delocalization and, hence, metallization of the Fe 3d electrons on only half of the Fe sites within the crystallographic unit cell: a transition accompanied by collapse of the local moments on the same octahedral Fe sites of the distorted DPv structure. This behavior clearly distinguishes the transformation in Fe 2 O 3 from conventional and orbitalselective Mott metal-insulator transitions. The DPv phase of Fe 2 O 3 is a strongly correlated metal with reduced mobility (high effective mass, m Ã ) of electrons near the Fermi energy, m Ã =m ∼ 4 to 6, and upon decompression it reverts back to a conventional Mott insulator (m is the normal mass of the electron). Our work highlights the interplay between electronic and crystalline structures, and not only addresses a long-standing controversy regarding the high-pressure behavior of Fe 2 O 3 , but also suggests that site-selective Mott transitions can occur more generally for transition-metal compounds.
II. METHODS AND MATERIALS
We employ a state-of-the-art DFT þ DMFT approach, fully self-consistent in charge density, with the average Coulomb interaction U ¼ 6 eV and Hund's exchange J ¼ 0.86 eV for the Fe 3d shell [40] to explore the electronic structure, Fe 3þ magnetic state, and lattice stability of Fe 2 O 3 . We use this theory to systematically study the high-pressure phase equilibrium of the corundum (R3c), DPv (P2 1 =n), Rh 2 O 3 -II-type (Pbcn), orthorhombic Aba2, and postperovskite (PPv) (CaIrO 3 -type, Cmcm) crystal structures of Fe 2 O 3 . To solve the realistic manybody problem, we use the continuous-time hybridizationexpansion (segment) quantum Monte Carlo algorithm [45] . We employ the fully localized double-counting correction, evaluated from the self-consistently determined local occupancies, to account for the electronic interactions already described by DFT. Further technical details about the methods used can be found in the Supplemental Material [46] .
All measurements for the present study were performed on Fe 2 O 3 powder (99.5% pure) commercially available from Riedel-de Haën. For Mössbauer studies, 30% enriched 57 Fe 2 O 3 was used. Custom diamond anvil cells (DACs) were used to induce high pressure, with neon as a pressure-transmitting medium. Pressure was determined using the ruby R1 fluorescence line as a pressure marker, and the Ne unit-cell volume in the case of x-ray diffraction studies.
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Fe Mössbauer studies were performed using a 10 mCi 57 Co (Rh) point source in a variable temperature (5-300 K) cryostat. Powder XRD experiments were performed at the Extreme Conditions Beamline (ECB) P02.2 at PETRA III, Hamburg, Germany. Details of the single-crystal diffraction experiments are given in Refs. [28, 36] . Electrical resistance measurements were performed as a function of pressure and temperature using a standard four-probe method in a custom-made cryostat.
III. RESULTS

A. DFT + DMFT calculations
In Fig. 1 , we show the pressure dependence of the unitcell volume and phase equilibria of Fe 2 O 3 obtained in our calculations together with the experimental data from this study, as well as taken from the literature [28] . As a starting point, let us consider the electronic and structural properties of the low-pressure R3c phase calculated in the paramagnetic state using DFT þ DMFT. In Fig. 2 associated with a spin-state transition, from HS to LS, with all the Fe 3þ ions collapsed to a LS state (with a local moment of approximately 1.5 μ B ) [40] . We note, however, that these calculations predict the HS-LS and Mott insulator-to-metal transitions, within the R3c phase of Fe 2 O 3 , to occur upon compression above 72 GPa, i.e., at substantially higher compression (by about 40%) than 50 GPa found in the previous experimental studies [22] [23] [24] [25] 27, 28, 37] and confirmed in our present experiments (see Supplemental Material [46] p. 5).
Along with the R3c phase, we have calculated the electronic and structural properties of the DPv and Rh 2 O 3 -II-type phases observed experimentally above 50 GPa, using structural data from [28, 32, 36] combined with the present experimental data. We calculate the electronic properties of DPv Fe 2 O 3 using the monoclinic P2 1 =n symmetry and crystal structure parameters as obtained by single-crystal XRD at about 54 GPa [36] . The DPv lattice has the general formula A 2 B 0 B 00 O 6 , with two structurally distinct Fe A and B positions due to differing oxygen surroundings: A sublattice of octahedral Fe B sites build a three-dimensional network of tilted corner-sharing B 0 O 6 and B 00 O 6 octahedra, with Fe Acations located in bicapped trigonal-prismatic voids (eight nearest neighbors). Therefore, we use a cluster expansion of the DFT þ DMFT approach in order to treat correlations in the Fe 3d bands of the structurally distinct Fe A and Fe B sites. For the Rh 2 O 3 -II phase of Fe 2 O 3 , we used the crystal structure parameters determined at approximately 41 GPa in Ref. [28] .
In agreement with experiment, the R3c phase is found to be energetically favorable at low compression, with a total energy difference of about 0.67 eV=f:u: (formula unit) between the R3c and DPv structures. While the total energy difference between the R3c and Rh 2 O 3 -II phases is approximately 0.35 eV=f:u:, the Rh 2 O 3 -II structure remains thermodynamically unstable, with a total energy difference of ΔE ∼ 42 meV=f:u: (with respect to the DPv phase) for 0.84V 0 , and ΔE ∼ 420 meV=f:u: upon compression to V ∼ 0.75V 0 . This indicates that the Rh 2 O 3 -IItype phase is metastable at high pressures, in agreement with recent experiments [28] . Most importantly, our calculations reveal a phase transition from a corundum to a DPv crystal structure upon compression to about 0.84V=V 0 , above 45 GPa. The phase transition is accompanied by a collapse of the lattice volume by 11.6%. The calculated bulk modulus of the DPv phase is 259 GPa, which is substantially larger than that obtained for the HS state of the R3c phase (187 GPa). Our theoretical results are in overall quantitative agreement with the results of XRD experiments, where upon compression above 50 GPa, the corundum R3c phase undergoes a structural transition to the DPv phase (see Sec. III C and Fig. 1 ).
Most interestingly, the R3c-to-DPv phase transition is accompanied by a site-selective collapse of local moments (see Fig. 2 ): The local magnetic moment at the Fe A sites is about 4.63 μ B , which differs substantially from the magnetic moment at the B sites of 0.89 μ B . Thus, our calculations show that, in the DPv phase, the cations occupying the octahedral Fe B sites are in a low-spin state (S ¼ 1=2), while those in the Fe A sites remain high-spin (S ¼ 5=2). Moreover, our results for the spectral function ( Fig. 3) reveal the existence of a site-selective Mott insulator (SSMI) phase, in which the 3d electrons on only half of the Fe sites (octahedral B sites) are metallic, while the A sites remain insulating. It is noteworthy that this site-selective behavior is in qualitative difference from a site-selective Mott-insulating state that has recently been discussed in the rare-earth nickelates [20, 21] . In particular, the nickelates were shown to remain insulating while exhibiting formation of site-selective local moments and Ni-d − O-p singlet states. We conclude that Fe 2 O 3 undergoes a MI-to-SSMI phase transition upon compression above 50 GPa; the Mott-insulator transition goes along with the R3c-to-DPv structural transformation and is associated with a site-selective collapse of local moments. Thereby, our results reveal a novel type of pressure-induced insulator-metal transition-a site-selective Mott insulator-metal transition, characterized by site-selective delocalization of the Fe 3d electrons.
Moreover, our results exhibit a site-selective redistribution of the Fe 3d charges between the t 2g and e g orbitals associated with the HS-LS transition, which is found to appear in the SSMI phase of Fe 2 O 3 (see Fig. 3 ). It is accompanied by a collapse of local magnetic moments of the Fe 3d electrons in the octahedral Fe B lattice of the DPv phase. Our results for the DPv phase show that the octahedral Fe B t 2g orbital occupations gradually increase upon compression to V ∼ 0.75V 0 . In fact, the a 1g orbital occupancy is about 0.75, the e π g occupation of 0.85, upon compression above 50 GPa, while the Fe B e σ g orbitals are strongly depopulated (their occupation is below 0.2) (Fig. 4) . We predict that a HS-LS transition within the prismatic Fe A sublattice should occur at a significantly higher compression of approximately 0.6V 0 , above 190 GPa.
The Fe B a 1g and e π g orbitals show a sharp quasiparticle peak at the Fermi level, which is associated with a pronounced (orbital-selective) enhancement of the effective electron mass, m Ã =m. In fact, we estimate m Ã =m ∼ 6 for the Fe B a 1g and approximately 4 for the e π g orbitals at a temperature of approximately 390 K. In contrast to that, the Fe B e σ g orbitals remain insulating. Furthermore, our results for the spin-spin correlation function χðτÞ ¼ hm z ðτÞm z ð0Þi (Fig. 5) show that the 3d electrons on the Fe A ions are localized to form fluctuating moments [χðτÞ is seen to be almost constant and close to unity]. In contrast, the 3d electrons on the Fe B ions exhibit a rather itinerant magnetic behavior for the a 1g and e How stable is the site-selective Mott insulator phase in the DPv phase of Fe 2 O 3 ? Our calculations show that, upon compression above 192 GPa, V ∼ 0.6V 0 , there is a HS-LS phase transition of the prismatic Fe A electrons, accompanied by a 5% collapse of the lattice volume. The latter transition is associated with formation of a conventional metallic state of the Fe 2 O 3 DPv phase, which is clearly seen from our results for the spectral function (see Fig. 3,  bottom) . However, the transition pressure is well above the thermodynamic stability range of the Fe 2 O 3 DPv phase (Fig. 1) .
We therefore explore further the phase stability of paramagnetic Fe 2 O 3 at high pressures, and examine two candidates for the high-pressure crystal structure proposed from experiment [28] : the Aba2 and CaIrO 3 -type PPv crystal structures. The former has been reported to have an orthorhombic space group. However, it is metastable with a stability range limited to low temperatures, and it is found to transform into the PPv structure upon annealing at high temperatures [28] . Our total-energy calculations for the Aba2 crystal structure confirm its thermodynamic instability (see Fig. 2 ), implying that Aba2 Fe 2 O 3 is indeed metastable at high pressures. In fact, we have checked the conclusion with different computational parameters, e.g., U and J, and found that the obtained result was robust. However, we cannot exclude a possible stabilization of the Aba2 phase due to nonlocal correlation effects, e.g., due to dimerization of Fe 3þ ; the latter are not taken into account in our single-site DFT þ DMFT calculations. At the same (Fig. 1) , in quantitative agreement with available experiments [28] . The phase transition is accompanied by about 2.6% collapse of the lattice volume and is associated with formation of a metallic state (both crystallographic Fe sites are metallic). Interestingly, our results for the local moments reveal site-selective local moment behavior for the PPv phase similar to that found in the DPv phase. The HS-LS transition of the prismatic
To verify our most important theoretical result on the observation of the site-selective Mott insulator phase in the high-pressure DPv structure, we further complement our computations of the electronic structure and spin state of Fe 2 O 3 with results of combined Mössbauer spectroscopy, electrical transport, and XRD studies to pressures of about 100 GPa, upon compression and decompression.
B. Mössbauer spectroscopy
Mössbauer spectra of Fe 2 O 3 , characteristic of various pressure ranges and recorded at room and low temperatures, are shown in Figs. 6(a), 6(b), and 6(d). In agreement with previous publications [22] [23] [24] [25] , the only observed spectral component upon compression is that of the high-spin state up to nearly 48 GPa [hematite phase in Fig. 6(a) ]. At P ≥ 48 GPa, two new equally abundant components emerge: a nonmagnetic quadrupole-split component (nm), with no sign of magnetic correlations down to 8 K [ Fig. 6(b) ], and a magnetically split component (m) characterized by a significantly reduced hyperfine field H hf [Supplemental Figure S1 (a) [46] ]. Taking into account the reported double-perovskite-type structure in this pressure range [36] , along with computation results, the two components are designated DPv nm and DPv m , respectively. At P ≥ 56 GPa, the only spectral components are DPv nm and DPv m with equal abundances, until at P ≥ 62 GPa the abundance of a nonmagnetic component starts to increase [ Fig. 7(a) ] to the point that, above 75 GPa, the Mössbauer spectra show a single, quadrupole-split component, designated as the high-pressure (HP) state [ Fig. 6(d) Upon decompression, the DPv components reappear in the MS spectra, with a hysteresis of 6 GPa [ Fig. 7(b) ]. Upon further decompression, in the pressure range of 47 > P > 44 GPa, the two DPv components are replaced by a single, broader, HS component designated as DPv dec [Figs. 6(c) and S1]. However, a component with hyperfine parameters identical to those of the hematite phase appears only below 35 GPa, with a complete transition back to hematite at 25 GPa [Figs. 6(c), and 1]. We note that decoupling of the local spin state and structural transitions in Fe 2 O 3 was reported previously by Badro et al. [37] .
C. X-ray diffraction
Powder XRD was performed at room temperature on compression to 62 GPa, followed by decompression. Our studies show that, upon compression, a first-order structural phase transition with a symmetry change takes place in the pressure range of 53-57 GPa, with a concomitant volume decrease of about 9% (Figs. 1, 8 , and S2 in [46] ). Recent single-crystal diffraction [28, 36] shows that the phase can be described as a distorted double-perovskite-type (DPvFe 2 O 3 ) using a monoclinic unit cell with P2 1 =n symmetry [36] (the symmetry is actually triclinic P1 [28] ; however, we use a monoclinic model to constrain the atomic arrangement, as done in Ref. [28] ). As was mentioned above, this structure consists of a three-dimensional network of tilted corner-sharing B 0 O 6 and B 00 O 6 octahedra with A-cations located in bicapped trigonal-prismatic voids ( Fig. S3 ; interatomic distances are given in Table S-I [46] ). The unit-cell volume as a function of pressure for hematite and DPv-Fe 2 O 3 is shown in Fig. 1 , combining both powder and single-crystal [28] data. It is noteworthy that, upon decompression from 62 GPa, the DPv phase remains stable down to 35 GPa (Figs. 1, 8 , and S2 [46] ). The observed XRD spectra can be fitted well with the P2 1 =n structure despite an appreciable change in some features around 51 GPa (Fig. 8) . Namely, at 51.3 GPa, one can clearly see a doubling of the peaks typical for a first-order isostructural phase transition with a significant volume change. An integrated pattern collected at 42.1 GPa, when the isostructural transition is completed, is shown in Fig. S2(c) [46] . In addition to the 7% volume change, the fit also shows an appreciable decrease of the monoclinic distortion of the DPv phase at pressures of 50-45 GPa (Fig. 9) . It could be proposed that the latter is a consequence of leveling the volumes of A and B sites. Previous Raman spectroscopy measurements upon decompression [54] also suggest an isostructural transition, showing modes that remain the same but with significantly higher intensity below the transition. The structural transition back to hematite begins only below 35 GPa. According to Ref. [28] , a transition to a new high-pressure polymorph is observed upon compression of the DPv- above 67 GPa (Fig. 1) , with a diffraction pattern that could be indexed based on an orthorhombic Aba2 space group that has only one type of Fe cation (Fig. S3) . We note, however, that the Aba2 phase observed here at room temperature is most probably metastable. Indeed, it is metastable according to our theoretical results (see above, Fig. 2) . Moreover, in accordance with the previous XRD measurements [28] , it disappears upon annealing to high temperatures, implying that this phase seems to appear only in the room-temperature experiments.
D. Electrical resistance
Our electrical resistance measurements show an abrupt 6 orders of magnitude decrease of resistance at about 40-60 GPa upon compression (Fig. 10 ), in agreement with the reported insulator-metal transition at about 55 GPa [23, 55] . Upon further compression, we observe a substantial change in the pressure dependence of the resistance, indicating an additional change of conductivity features at 70 GPa [ Fig. 10(a) ]. Similar behavior is seen during the decompression cycle, with a hysteresis of about 6 GPa. It is noteworthy that, upon pressure release, the resistance rises only by 3 orders of magnitude at about 50-40 GPa, saturating below 40 GPa. Furthermore, to avoid a structural transition back to the corundum structure, we terminated decompression at 37 GPa and performed recompression measurements up to 83 GPa. The pressure-temperature dependence of electrical resistance upon recompression shows an abrupt drop at 45-60 GPa, with the onset of metallization at around 53 GPa [ Fig. 10(b) ]. Similar to the hematite phase [55] , the temperature dependence of the resistance of the insulating The double-perovskite (DPv) intermediate-pressure phase, which first appears at approximately 53 GPa, is clearly seen at 55.2 GPa. Up-and down-facing arrows represent an increase and decrease in the DPv and hematite phases, respectively. Upon decompression, the distinctive doubling of the diffraction peaks of the DPv phase is observed at about 51 GPa, especially (002), (111), and (111). A part of the spectrum in the 2θ range of 4.5°-6.0°is expanded in the inset to emphasize this doubling. With further decompression below 35 GPa, the peaks of the hematite R3c structure appear, and, at 25 GPa, the transition to the original hematite phase is complete. The main diffraction peak of the Ne pressure medium is marked with an asterisk. Italics correspond to the diffraction peaks of the DPv phase.
DPv phase is associated with a variable-range hopping mechanism below 50 GPa: The electrical conductivity varies as σ ¼ C exp ðT 0 =TÞ 1=4 , though we notice a significantly reduced Mott temperature value T 0 [Figs. 10(b) and S4(b) ]. Meanwhile, within the metallic region above 50 GPa, the resistance exhibits a clear deviation from Fermi-liquid-like T 2 behavior, showing a minimum at temperature T ¼ 110-150 K for the DPv phase and at about 75 K for the HP phase [ Fig. S4(a) ; for details, see the Supplemental Material [46] ). This behavior is in good agreement with the computation results, namely, that the DFT þ DMFT calculations predict a substantial enhancement of the effective mass of 3d electrons and show a sharp Kondo-like peak at the Fermi level. Furthermore, this is consistent with the absence of magnetic correlations of the Fe B sites in the MS spectra down to the lowest measured temperatures (Fig. 6) . That is, the Fe B electrons are delocalized, the corresponding longtime magnetic susceptibilities are well screened, and the (instantaneous) amplitude of the fluctuating moments is small. However, it is noteworthy that an observation of minima in RðTÞ does not necessarily imply the Kondo effect: The electron-electron interaction and localization effects may result in a similar behavior [56, 57] .
IV. DISCUSSION
Summarizing our theoretical and experimental results, we find evidence that the metallization transition in Fe 2 O 3 occurs in stages with pressure, first for half the Fe cations in the DPv phase-those in the octahedral B 0 and B 00 sites with the collapsed magnetic moment (DPv nm ), while the prismatic Fe A sites remain insulating and high spin, and then for all the Fe in the high-pressure (metastable) Aba2 or PPv structure. Labeling iron ions contributing electrons to the conduction band as Fe M , we summarize the transitions as ð
with increasing pressure, where subscript Roman numerals indicate nearest-neighbor (Fe─O) coordination and crystal structures are given in brackets (HS designates high spin for the ferric ion). The average Fe─O bond length collapses upon metallization, from 1.91 Å in hematite at 51 GPa to 1.82 Å in the highpressure Aba2 phase at 74 GPa; in between, it is the coexistence of small octahedral sites along with large eight-coordinated sites in the DPv structure that allows for the site-selective insulator-metal transition (Table S-I  [ 46] ). We have demonstrated that theoretical calculations are in accordance with our Mössbauer, XRD, and electrical resistance measurements. In particular, we have shown that the electronic and structural transitions to the R3c phase do not coincide upon decompression, but are separated by a pressure interval of about 20 GPa. Overall, our theoretical results for the electronic structure, equilibrium lattice constant, and phase stability of paramagnetic Fe 2 O 3 agree remarkably well with available experiments. , with measurements on the DPv phase performed during decompression to 37 GPa, followed by recompression. Measurements on the hematite phase were collected during a separate decompression cycle to ambient pressure (symbols "square") [55] . The change in sign of the slope dlnðSÞ=dT documented at approximately 53 GPa is the signature of metallic conductivity.
The three-dimensional network of the octahedral Fe B sites forms a high-mobility path that causes resistance to drop by many orders of magnitude, compared to the hematite phase, even though only half the sites contribute. For instance, we expect a filamentary conductivity in the three-dimensional network of Fe octahedral sites, analogous to the conductance path for a percolation threshold. At higher pressures, the trigonal-prismatic sites also contribute to the electron mobility, but the effect is only a quantitative further decrease in resistance, by a factor of 2. The volume change upon metallization is identical to that observed in CaFe 2 O 4 [58] , suggesting a similar mechanism of electronic transition for these sites: namely, a spin transition resulting in complete closure of the Mott-Hubbard gap [7, 11, 12] in accordance with our theoretical calculations.
We note that metallization does not occur in the hematite (R3c phase upon compression). In the region where the MS data find both the hematite and the DPv phases, the remaining hematite phase is still in a high-spin state, and no appreciable change in the Mössbauer parameter values was observed (even when half of the Fe in the DPv phase are already nonmagnetic, metallic). In addition, the VðPÞ data in Fig. 1 show that there is no appreciable change in unit-cell volume of hematite during compression (no deviation from the hematite EOS), even in the region of coexistence. This is in full accordance with our theoretical calculations, which show that, for the hematite phase, the IM transition associated with a HS-LS state transformation would take place at a pressure of 72 GPa (V ∼ 0.74V 0 ) (Fig. S5 [46] ).
Upon decompression, we observe (theoretically and experimentally) a sharp reversal in electronic properties at about 45 GPa, with a metal-to-insulator transition and retrieval of a magnetic state [Figs. 6(c) and 10], which can be described by ð VIII Fe 3þHSVI Fe M ÞO 3 ½P2 1 =n→ ð VIII Fe 3þHSVI Fe 3þHS ÞO 3 ½P2 1 =n. The DPv structure remains unchanged and only the volume increases by about 7%, however, documenting the decoupling of electronic and structural phase transitions. This implies that, upon decompression, Fe 2 O 3 undergoes an isostructural site-selective Mott transition, not complicated by any coinciding structural transformations. We conclude that we are documenting intrinsic electronic properties of the DPv phase of Fe 2 O 3 , as indicated by the small hysteresis in electrical resistance upon decompression and recompression near the onset of the insulator-metal transition (contrast the recompression results for hematite in previous studies [23, 55] ). Interestingly, the isostructural transition results in a relatively small change of the bulk modulus to 258 GPa, which is comparable to that of the LS state of the R3c phase. The structural transition from DPv back to the original corundum-type structure takes place only below 35 GPa (Figs. 1  and 8) .
The site-selective Mott transition that we document differs from the "orbital-selective" Mott phase that has been proposed for multiorbital transition-metal oxides [9, 10] . In the orbital-selective phase, because of the inclusion of orbital degrees of freedom, a partial localization can take place, in which some orbitals are conducting, while others are localized. As a result, localized spins and itinerant electrons can coexist. In contrast to materials with orbitalselective state(s), the reason for the appearance of an intermediate electronic state in Fe 2 O 3 , with a coexistence of localized (HS) and itinerant (nonmagnetic) Fe 3d electrons, is the formation of two, distinct (sixfold and eightfold) coordination environments.
We expect that this combination of localized and itinerant 3d electrons can give rise to a complex electronic state of DPv Fe 2 O 3 at low temperatures, e.g., resulting in heavy-fermion-like behavior associated with the Kondo effect: This still needs to be clarified. Indeed, our experimental transport data exhibit a Kondo-like abnormal behavior of resistance at approximately 110-150 K, while our calculations predict a substantial enhancement of the effective mass of 3d electrons and show a sharp Kondo-like peak at the Fermi level. This behavior is consistent with the observed absence of magnetic correlations of the Fe B sites in the MS spectra down to the lowest measured temperatures (Fig. 6) . The Fe B electrons are delocalized, the corresponding long-time magnetic susceptibilities are well screened, and the (instantaneous) amplitude of the fluctuating moments is small. Because of that, no magnetic response can be detected by a relatively slow probe such as Mössbauer spectroscopy. We note, however, that a Kondolike minimum in resistance can be alternatively explained by the presence of weak localization due to disorder at the onset of a Mott insulator-to-metal phase transition under pressure [56, 57] .
The appearance of the P2 1 =n DPv phase can be understood as a result of the interplay between cohesive (lattice) energy and local magnetic moments. While the former favors the denser high-pressure phase (e.g., Aba2), the local magnetic moments enter into the total energy as −Ihm 2 z i=4 (here, I is a Stoner exchange interaction, and hm 2 z i is the square of the local magnetic moment), and, therefore, favor the corundum-structured (R3c) phase, i.e., the phase with high local magnetic moments. As a result, the intermediate DPv phase, with site-selective electronic and magnetic properties, is stabilized at intermediate pressures of about 50-60 GPa. This is presumably an electronic phase transition that results in the appearance of (at least) two electronically/magnetically different sublattices of Fecations; i.e., it leads to a structural transformation, due to electron-lattice coupling. Similar behavior only associated with the site-selective HS-LS transition is found to occur in a two-orbital Hubbard model with crystal-field splitting [59] . Meanwhile, during decompression we observe the "pure" electronic transition back to a conventional Mott insulating state within the DPv phase, with decoupling of the electronic and lattice (crystal-structure) degrees of freedom. This behavior is similar to what happens in Fe-bearing bridgmanite (MgSiO 3 -peroskite), where only half of the Fe 3þ (those in the B site) undergo a HS-to-LS transition under pressure, while Fe 3þ in the A site remains in the HS state up to at least 100 GPa [18, 19] . We note, however, the important difference that in Fe 2 O 3 upon decompression the LS-HS transition is accompanied by a transformation to the conventional Mott insulating phase.
Upon compression of Fe 2 O 3 above 62 GPa, we observe a further increase in the abundance of a nonmagnetic component of the Fe 3þ cations, which is presumably caused by the onset of the Fe A sites of the DPv structure transforming into a metallic nonmagnetic state. This results in a structural transition from the DPv to a HP phase, corresponding to completion of the electronic transition. According to Ref. [28] , the HP phase at room temperature has the orthorhombic Aba2 structure characterized by a single cation position. However, Ref. [28] and our DFT þ DMFT results indicate that this phase is metastable, and, upon annealing, it is found to collapse into the PPv structure, the most stable polymorph above approximately 75 GPa (see Figs. 2 and 1) . Correspondingly, at higher temperatures, one may expect also a direct DPv → PPv phase transition. Importantly, in both cases (DPv → Aba2 or PPv structure), the site-selective Mott insulator Fe 2 O 3 transforms into a conventional metallic state: In the case of the PPv phase, all crystallographic Fe sites are metallic. Thus, starting from a structure with a single crystallographic site for Fe 3þ cations, Fe 2 O 3 transforms into an intermediate structure containing multiple Fe sites, half of which are metallic, before the tendency of Fe 3þ to metallize upon compression results in a second structural transition, to the conventional metallic phase (single-or multisited).
Summing up our theoretical and experimental results for Fe 2 O 3 , our study demonstrates the complexity of electronic and structural transformations that can arise in strongly correlated transition-metal compounds undergoing a Mott insulator-to-metal transition. Interestingly, the electronic and structural behavior of Fe 2 O 3 under pressure is found to be complicated by the appearance of metastable phases, e.g., the Rh 2 O 3 -II-type and Aba2 phases (at high and low temperatures, respectively), and this topic deserves further consideration.
Our results suggest that the concept of a site-selective Mott transition may be broadly applicable to correlatedelectron materials: in particular, in those with a corundum crystal structure, as in the case of Fe 2 O 3 . For example, in Mn 2 O 3 , corundum-type ε-Mn 2 O 3 (and below T ¼ 1200 K cubic α-Mn 2 O 3 ) transforms upon compression to a distorted perovskite structure [60] , and this structural transition coincides with an insulator-metal transition [61] . Similar electronic transformations could be expected in other sesquioxides, e.g., Cr 2 O 3 [62] or Ti 2 O 3 [63] , and in materials with a complex crystal structure (or that acquire a complex structure under pressure) containing transitionmetal cations in different coordination polyhedra: for example, in magnetite [14] or Fe-bearing bridgmanite [18, 19] . Thus, such effect(s) can occur in crystalline oxides comprising Earth and planetary mantles. Indeed, the major components of Earth's lower mantle-bridgmanite and ferropericlase-contain ferric or ferrous iron (or both) and, therefore, changes of the electronic state in such materials likely affect the properties of our planet's deep interior [64, 65] .
